Objective: To investigate whether sustained longterm changes in alcohol intake are predictive of cardiovascular risk. Methods: The study population was a subpopulation of the five-year intervention study, Inter99 study, (1999-2006), Copenhagen, Denmark (n = 2117; 30 -60 years). Alcohol intake was assessed by questionnaires at baseline, one-, three-and five-year follow-up. The associations between sustained long-term changes in alcohol intake and cardiovascular risk factors (HDL and non-HDL cholesterol, systolic and diastolic blood pressure (BP); the absolute risk of ischemic heart disease (CRS)) at five-year follow-up were explored by linear regression models. The alcohol variables were tested for linear association with the response variable. Results: Sustained increased alcohol intake was significantly associated with increased CRS (β = 0.0028; P = 0.006) and a decreased HDL cholesterol (β = −0.0028; P = 0.005). Among participants with a moderate overall alcohol intake at baseline increased alcohol intake was significantly associated with an increased plasma triglyceride (β = 0.0069; P = 0.04). No association with triglyceride was found for participants with a high alcohol intake. Change in wine intake was significantly negatively associated with changes in diastolic BP (β = 0.0015; P = 0.02). Conclusions: Sustained increase in the long-term intake of alcohol was a significant risk factor for an increased CRS, increased triglyceride level and decreased HDL cholesterol. Increased wine intake was associated with decreased diastolic BP.
INTRODUCTION
Health aspects of alcohol have been debated for centuries. There are both beneficial and harmful implications of alcohol in cardiovascular disease. Benefits of a moderate alcohol intake may be overstated in many observational studies due to inclusion of abstainers who had quit due to poor health [1] and inadequate adjustments for important confounders [2] [3] [4] . In controlled trials alcohol intake has been found to have favourable short term (weeks) effects on for example high-density lipoprotein (HDL) levels, which suggest at least some cardiometabolic benefit of moderate alcohol intake. However, the long-term effects are unclear and few studies have investigated the effect of a sustained change in alcohol intake. Furthermore, possible beneficial effects on some cardiovascular risk factors may be counteracted by adverse effects on other risk factors. It therefore seems relevant to investigate the effect of changes in alcohol intake on a measure of the overall risk of ischemic heart disease (IHD).
The aim of the present study was to investigate whether sustained long term change in alcohol intake is predictive of both single cardiovascular risk factors and the absolute risk of IHD.
Registration and invited for the five-year intervention study (high intensity group: N = 11.708; low intensity group: N = 1308). A total of 6784 (52.5%) accepted and were included in the intervention. The Inter99 study was approved by the local Ethics Committee (KA 98 155) and is registered with Clinical Trials gov. (NCT00289237).
In this study participants were only included in the analyses if they participated during the entire five-year study period and if they answered the questions on alcohol intake (n = 3536). Because the aim was to investigate the effect of a sustained long-term (three years) change in alcohol intake, participants that changed their usual alcohol intake substantial (defined as ±3 drinks per week) in the maintenance period (from three-to five-year follow-up) were excluded (n = 1128). Furthermore abstainers at baseline, three or five-year follow-up (n = 159) and participants in medical treatment for hypertension or hypercholesterolemia (n = 132) were excluded, leaving 2117 for the analyses.
Physical Examinations and Risk Assessment
All participants in the intervention group were required to fast from midnight on the day before attendance and all had a thorough health examination. For each participant the absolute total risk of IHD within the next 10 years (the Copenhagen Risk Score, CRS) was estimated using the computer programme PRECARD ® [6] . Individuals were categorized as high-risk individuals if they had either an absolute risk in the upper quintile of the distribution, stratified according to sex and age or at least one of the following isolated risk factors: systolic blood pressure (BP) ≥ 160 mmHg and/or in antihypertensive treatment, total cholesterol ≥ 7.5 mmol/l and/or treated with statins, body mass index (BMI) ≥ 30 kg/m 2 , glucose intolerance or diabetes [7] , or were daily smokers.
Intervention
Each participant had a lifestyle consultation focussing on smoking, physical activity, diet and alcohol. Participants were encouraged to keep their alcohol intake below the official recommended limits (21/14 drinks per week for men/women).
In addition to the individual counselling, high risk individuals in the high intensity group were offered group counselling on diet and exercise or smoking cessation/ reduction. The participants were taught that alcohol may increase their risk of weight gain and hypertension (For more details: www.inter99.dk ).
Follow-Up
High-risk participants in the intervention group were re-invited after one and three years for a health examination, completion of questionnaires, risk assessment and individual lifestyle counselling. Individuals who were still at high risk of IHD were again offered group counselling. Low-risk participants were followed by questionnaires. At five-year follow-up all participants from baseline were invited for health examination and a short lifestyle consultation.
Assessment of Dependent Variables
At the health examinations at baseline and five-year follow-up, participants provided fasting blood samples. Total cholesterol, HDL and triglyceride were measured by enzymatic procedures (Boeringer Mannhein, Germany). Non-HDL was calculated by subtracting HDL cholesterol from total cholesterol. BP was measured twice with a mercury sphygmomanometer after 5 min. of rest in a lying position. Height was measured without shoes to the nearest 0.5 cm and weight was measured without shoes and overcoat to the nearest 0.1 kg. Body mass index (BMI) was calculated (kg/m 2 ). Waist circumference was measured midway between the lower rib margin and iliac crest.
The 10-year absolute risk of IHD were estimated by the CRS which is calculated based on sex, age, heredity, former IHD, diabetes, height, weight, smoking habits, total serum cholesterol, serum HDL cholesterol and BP [8] . Information on lifestyle and intake of medication was obtained by a questionnaire.
Alcohol Intake
Alcohol intake was assessed by questionnaires both at baseline, three and five year follow-up. The participants were asked, on a continuous scale, to report their average weekly intakes of regular beer, strong alcoholic beer, wine, dessert wine, and spirits/strong drink. The reported intakes of alcoholic beverages was calculated into units of ethanol (1 unit = 1.5 cl/12 g) and summarized to total amount of drinks per week. High intake of alcohol was defined as an intake above the recommended (in Denmark at the time of the intervention) maximum level of 14/21 drinks per week for women and men, respectively. Changes in alcohol intake from baseline to three-year follow-up were calculated by subtracting the reported baseline intake from the reported intake at three-year follow-up. To assess if the changes were maintained, the alcohol intake at three-year follow-up were subtracted from the reported intake at five-year follow-up. Sustained changes were defined as a change of not more that ±3 drinks per week in the maintenance period (from three-to five-year follow-up).
Covariates
Age and sex were known from the Danish Civil Reg- istration System. Education, physical activity, smoking and dietary intake were assessed by questionnaires. Education was defined on the basis of questions regarding number of years of vocational training categorized into four classes: 1: none, 2: ≤1 year, 3: 2 -4 years, and 4: >4 years. Physical activity was measured as number of minutes being physical active during transport to and from work and/or at leisure time per week. Changes were calculated as the difference between the measure at baseline and five year follow-up.
Dietary habits were measured using a validated dietary quality score, The Dietary Quality Score, developed from a 48-item food frequency questionnaire. The development and validation of the Dietary Quality Score has been described earlier [9] . Changes in dietary habits were calculated by subtracting the participants score at baseline from the score at five-year follow-up.
Smoking habits was recorded in five categories: daily smokers, occasional smokers (<1 g of tobacco per day); ex-smokers; stopped smoking after the start of the Inter99 study; never smokers.
Statistical Analysis
Data were analysed using SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC, USA). Changes in alcohol from baseline to three year follow-up were included as the explanatory variable in the statisticcal analyses. The associations between three-year changes in alcohol intake and cardiovascular risk factors at fiveyear follow-up were explored by a series of linear regression models with the five-year follow-up values of each cardiovascular risk factor as outcome variable and adjusted for the baseline level of each risk factor. The interpretation of the results is then the effect on changes in the risk factor from baseline to five-year follow-up.
The alcohol variables were thoroughly tested for linear association with the response variable, testing for a cubic, quadratic or a linear spline association.
Cardiovascular risk factors investigated were: HDL, non-HDL, systolic and diastolic BP, triglyceride, and CRS. Separate analyses for total alcohol intake (without considering beverage type) and the percentage of alcohol intake consumed as wine, beer or spirits/strong drinks were performed. Adjustment for sex, age, self-reported smoking status at baseline and five-year follow-up, changes in dietary intake and physical activity were made. All analyses were carried out with and without adjustment for weight change from baseline to five-year follow-up.
Outcome variables were logarithm transformed if not normally distributed and residual plots were made of each model to check if the residuals were randomly dispersed around the horizontal axis. Interactions between the change in alcohol intake and sex, age or high/moderate alcohol intake at baseline were explored by including the interaction terms in the models. In case of significant interaction, the interaction term was included in the model and separate parameter estimates were calculated. A P-value of 5% or less was considered significant.
RESULTS
Baseline characteristics are presented in Table 1 . The model control analyses showed that the outcome variables BP, triglyceride and CRS were not normally distributed. Logarithm transformation of these variables improved the residual plots markedly and therefore we used natural logs of BP, triglyceride level and CRS in all analyses including these variables. Significant interactions were found between level of Table 1 . Baseline characteristics and alcohol intake according to sex in the 2117 subjects included in this study.
Men (%) n = 982
Women (%) n = 1135 (β = 0.0046; P = 0.03; R 2 = 0.875; data not shown) at five-year follow-up. Increased intake of beer was furthermore associated with decreased HDL level among participants with a high alcohol intake (−0.0086; P = 0.003), whereas a positive association was found between beer intake and HDL level among participants with a moderate alcohol intake at baseline (β = 0.012; P = 0.04; R 2 = 0.688; data not shown). No associations were found between changes in beer intake and changes in BP, triglyceride and non-HDL cholesterol.
alcohol intake at baseline (high/moderate) and both beer intake (with HDL as the dependent variable) and overall alcohol intake (with triglyceride as the dependent variable). No other significant interactions were found with level of alcohol intake and no significant interactions were found with age or sex.
Increased intake of alcohol overall during three years of intervention in the Inter99 study was significantly associated with an increased absolute risk of IHD according to the CRS (β = 0.0028; P = 0.006; R 2 = 0.870; Figure 1 ) and a decreased HDL cholesterol level (β = −0.0028; P = 0.005; R 2 = 0.709; Figure 2 ) at five-year follow-up. Among participants with a moderate overall alcohol intake at baseline an increased intake of alcohol at three year follow-up was significantly associated with a increased plasma triglyceride level at five-year follow-up (β = 0.0069; P = 0.05; R 2 = 0.463; Figure 3 ). No association with triglyceride level was found for participants with a high alcohol intake. A borderline significant association was found between changes in alcohol intake and diastolic BP (β = 0.0008; P = 0.053, data not shown). No significant associations were found between changes in overall alcohol intake and changes in systolic BP and non-HDL cholesterol.
Three year change in wine intake was significantly negatively associated with changes in the diastolic BP at five-year follow-up (β = −0.0015; P = 0.02; R 2 = 0.347;
Figure 4).
No associations were found between the intakes of spirit/strong drink and the different risk factors. Furthermore no significant associations were found when the intake was expressed as the percentage of alcohol consumed as wine, beer or spirit/strong drink. Adjustments for weight change did not markedly change in the associations investigated and did not change any of the conclusions made above.
DISCUSSION
Similar to overall alcohol intake, an increased intake of beer was significantly associated with increased CRS According to the results of this study total alcohol in- take is a significant risk factor for increased triglyceride level and increased absolute risk of IHD. Surprisingly, decreased overall alcohol intake and beer intake (only among participants with a high alcohol intake at baseline) was associated with increased HDL cholesterol level. Furthermore, increased intake of wine (and overall alcohol intake, borderline) was associated with decreased diastolic BP.
OPEN ACCESS
The present study contradicts with the conclusions of many (but not all) earlier observational studies that have shown a J-shaped relation between intake of alcohol and the risk of heart disease, and thus a protective effect of a moderate alcohol intake [10] . Nevertheless the beneficial health effects of alcohol are discussed and increasing evidence indicates serious methodological problems in many of the observational studies.
A major methodological problem in many studies is the inclusion of abstainers in the analyses. Abstainers have repeatedly been found to be significantly more likely to have a history of alcoholism, be older, have lower SEP, more co-morbidity, worse mental health, more unhealthy lifestyle, and worse health in general than individuals with a small alcohol intake [2, 3, 11] . And becoming an abstainer is a phenomenon found to be associated with aging or bad health [2] . A meta-analyses of 54 studies identified studies that properly took this into account and these studies did not find any protective health effect of alcohol [1] . Therefore, in this study we excluded abstainers both at baseline and follow-up.
Another problem in earlier studies has been that alcohol intake in many questionnaires has been assessed by categorical questions. This makes it difficult to assess the intake with the lowest risk. An earlier Danish study took this into account by using generalized additive models and by excluded abstainers and found a linear increased mortality with increasing alcohol intake and concluded that the J-shaped curve found in most studies is caused by a higher risk in abstainers rather than a health benefit of alcohol [12] . The alcohol intake in this study was assessed on a continuous scale.
Finally, Corrao et al.
[13] found evidence for publication bias for the effect of moderate intake of alcohol. Similar results were recently found by Kodama et al. [14] . However, this issue is also still discussed [15] .
In this study we found that long term increases in alcohol intake was associated with an increased triglyceride level among individuals with a moderate alcohol intake. This finding is in accordance with the finding of many other earlier studies [16] [17] [18] .
In controlled settings alcohol has repeatedly been found to cause short-term increases in HDL cholesterol [19] [20] [21] . Surprisingly, in this study we found an inverse associa-tion between long-term and sustained changed in alcohol intake and the changes in HDL cholesterol from baseline to five-year follow-up. This result could indicate that the body may adapt to a new level of alcohol intake and that the acute positive effect might diminish in the long-term.
A significant inverse association between long-term changes in wine intake and changes in diastolic BP was found. This finding is in accordance with the finding for wine, in some earlier observational studies [22, 23] but not all [24] . The high potassium content in wine might be protective against hypertension and thereby explain the possible beneficial effect of wine.
Important strengths of this study are is the prospective design which provides the opportunity to investigate the effect of changes in alcohol intake and thus the indication of a causal relationship between alcohol intake and health becomes stronger than the conclusions from cross sectional studies. Other strengths are the repeated measures of both alcohol and several cardiovascular risk factors; that the study was performed in a general population, the thorough adjustments for confounders; and that we looked at the absolute risk of IHD rather than just the effect on single risk factors.
A noteworthy limitation of the present study is that we were not able to include the non-treatment control group in the Inter99 study as risk factor measurements were not available for this group. Additionally, the alcohol intake was self-reported and we only looked at the association with different biomarkers which are intermediary factors on the pathway between lifestyle and development of chronic disease.
In conclusion sustained increase in the long term overall intake of alcohol was found to be a significant risk factor for the absolute risk of IHD, increased triglyceride level and decreased HDL cholesterol level. Increased wine intake was associated with decreased diastolic BP.
